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Abstract 
The exopolysaccharides produced by the lactic acid bacteria confer the possibility to obtain fermented 
dairy products of good quality, with desirable rheological properties, and diverse benefits for health. The 
capacity of lactic acid bacteria to produce exopolysaccharides is influenced by culture media and the conditions 
of growth. 
The purpose of this work was to study the thermophile yogurt culture YF-L 811, which contains 
Streptococcus thermophilus and Lactobacillus delbrueckii ssp. bulgaricus. The study was based on the capacity 
of the culture to produce exopolysaccharides in different temperature conditions and with different ingredients 
added in culture media. The amount of exopolysaccharides was correlated to viscosity of the yogurt. 
 
INTRODUCTION 
 
Exopopysaccharides (EPS) play an important role in the rheology of fermented dairy 
products (Cerning et all, 1990). A pleasant creamy texture is an aspect of yogurt quality which 
seems to be decisively due to the ability of the bacteria (starter culture) to produce 
exopolysaccharides. Moreover, some polysaccharides can contribute to human health, all of 
them being food components of type of dietary fiber (Gibson and Roberfroid, 1995). 
Exopolysaccharide producing bacteria confer the possibility to obtain fermented dairy 
products of good quality without additives of consistence, alimentary secure and with diverse 
health benefits. 
Exopolysaccharides produced by lactic acid bacteria can be considered food bio-
additives because are produced by non-pathogen, secure bacteria (Kleerebezem et all., 1999), 
GRAS type (Generally Recognized As Safe) and claimant as functional EPS producing 
(Welman and Maddox, 2003). They improve the rheological properties of the fermented dairy 
products due to their thickening properties. Even though have no own taste, EPS contribute to 
improvement of the taste perception of the end product (Welman and Maddox, 2003). 
Functional features of the EPS are determined by their structural characteristics which 
can be different: molecular mass, bond type of the monosaccharides, level of the chemical 
composition and monosaccharide branch (Kleerebezem et all, 1999). The ability of lactic acid 
bacteria to produce EPS depends on strain and is significantly influenced by media and 
growth conditions (temperature, carbon/nitrogen ratio, pH, etc.) (Broadbent et all, 2003). 
Incubation, in conditions which stimulate growth and division of the bacterial cells, 
reduces the EPS production, while growth conditions which reduces the demand for synthesis 
of new cellular walls (like incubation at sub-optimal temperatures) tends to increase the EPS 
production (Cerning, 1995). 
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The commercial exploiting of EPS, as substances which improve the texture and taste of 
the food, needs desirable physical properties and presence in adequate quantities correspond 
to requirement. Thus, it has been demonstrated that the medium viscosity depends on 
concentration and specific volume of the polyscccharides in solutions (Laws et all, 2001). 
However, the EPS contribution on the food products characteristics depend not just on 
EPS properties itself, but on their interaction with diverse components of food system (for 
example, proteins). When proteins and polysaccharids are mixed together in a solution, the 
behavior of the blend depends on two bio-polymers: they will separate or associate 
(Kleerebezem et all, 1999). 
This study refers on influences of temperature and fermentation medium composition on 
consistency characteristics of the yogurt obtained with thermophile yogurt culture YF-L 811. 
 
MATERIAL AND METHOD 
 
Microbial cultures 
At the experimental procedure was used yogurt thermophile culture YF-L 811, which is 
a characteristic mixture of Streptococcus thermophilus and Lactobacillus delbrueckii ssp. 
bulgaricus in freeze-dried form. YF-L 811 is known to produce a full-bodied yogurt, 
moderate flavor and very low post-acidity. The freeze-dried culture was stored at -18 oC (Chr. 
Hansen, Product information brochure, 2003). 
Yogurt mnanufacture 
In order to obtain yogurt, I used reconstituted milk with 12.5% dry substance, prepared 
with full cream milk powder instant (Darling-full cream milk powder 26% fat, produced and 
packed by SC EURO FOOD PROD SRL). Milk was pasteurized (85oC, 30 min.), cooled to 
suitable temperature for insemination (30 and 43oC) and used for two series of experiments. 
In one experiment, the culture medium was supplemented with lactose (2%, 4% and 6%) and 
in another with whey powder (2%, 4% and 6%) (ESPRION 300 – whey powder with 30% 
proteins, produced by KUK Romania).  Samples prepared like this were inseminated with 
starter strain YF-L 811 according to directions (50 U to 250 l of milk) and thermostated at 
30°C and 43oC. The fermentation was interrupted when sample pH reaches optimal value 
(4.65 – 4.7). After thermo-state, samples were cooled to 4oC (Chr. Hansen, Technical 
Brochure, 2006). 
Analytical tests 
For the samples obtained were determinated the acidity and the pH of raw material and 
end product, the yogurt viscosity and amount of EPS biosynthesized. 
Acidity was measured by titrimetric method and represented in Thörner degrees. 
pH measurement was accomplished with Checker – HANNA Instruments pH-meter, 
electrode type HI 1270, diameter 9 mm, pH-interval ranging from 0.00 to 14.00. 
The dosage of total exopolysaccharides 
The exopolysaccharides were extracted according to method of Garcia-Garibay and 
Marshall, (1991) adapted. The yogurt was treated with trichloroacetic acid 20% in order to 
precipitate the proteins and centrifuged at 2500 x g, 4oC, 30 min. The supernatant collected 
through centrifugation were treated with absolute ethanol (1:3) and leaved overnight at 4oC, in 
order to precipitate EPS. Then, another centrifugation was applied at 2500 x g at 4oC for 30 
min. The EPS precipitate was re-dissolved in distilled water and subjected to dialysis against 
distilled water 24 h at 4oC. The exopolysaccharides isolated like this were quantified by 
colorimetric method for glucide dosage, the reaction with phenol (Vata et all, 2000). The 
result was expressed in mg glucose per liter of product. 
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The viscosity 
The viscosity measurement was accomplished with VISCO STAR viscosimeter made 
by FUNGILAB S.A. The operational equipment is checked up and conducted by a 
microprocessor programmed to work as well as an electronic instrument. All the 
measurements are achieved electronically, giving safety measure values. Thus, the sample 
viscosity of analysis can be read directly in centipoises (mPa·s). It was used the axe R5 at 60 
RPM. 
 
RESULTS AND DISCUSIONS 
 
The dates concerning the characteristics of the raw material milk from were made the 
yogurt (Table 1) shows that the milk powder reconstitution was made so that is reached the 
parameters of whole milk. 
 
Table 1. Characteristics of raw material (in %) used to made the yogurt 
 
 Water Total dry 
substance Fat 
Nonfat dry 
substance 
Total 
protein 
Mineral 
salts Lactose 
Milk  87,5 12,5 3,4 9,1 3,9 0,4 4,8 
 
Biochemical changes of the milk composition have been produced through fermentation 
with culture YF-L 811, demonstrated primarily by acidity and pH values (Table 2). 
 
Table 2. The yogurt final acidity and pH values 
 
Lactose Whey  Control 
sample 2% 4% 6% 2% 4% 6% 
Acidity, °T 98 101 98 94 114 115 135 Fermentation at 30°C 
pH 4,70 4,71 4,74 4,77 4,85 4,92 5,03 
Acidity, °T 85 110 98 95 109 110 140 Fermentation at 43°C 
pH 4,65 4,71 4,72 4,77 4,80 4,83 5,04 
 
The dates in this table prove the existence of different values of these parameters 
depending on temperature and composition of fermentative media. Thus, in case of samples 
supplemented with lactose, fermentation at 30oC leads to products with acidity and pH values 
relatively similar compare to those of the control sample, practically regardless of lactose 
percentage added. Instead of this, if the culture media was supplemented with whey powder, 
the yogurt acidity increased with values between 16 and 38% compared to control sample, 
depending on amount of whey added. It is interesting to remark that, in case of whey samples, 
although the acidity increased, the pH did not decrease. This situation can be explained by the 
fact that whey contains lactalbumins and lactoglobulins which can contribute to product 
acidity, but due to their buffer properties do not allow the decrease of pH.  
When fermentation is conducted at 43oC, the yogurt acidity increased in all 
supplemented samples, irrespective of their kind. However, there are differences between 
samples with lactose and those with whey. The acidity of the samples with lactose correlates 
with the pH, but in samples with whey the behavior of physico-chemical parameters is similar 
to samples fermented at 30oC. 
Because the objectives of this work regard the evaluation of the EPS biosynthesis, it has 
been made determinations concerning the rheological characteristics of the yogurt samples, 
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based on the viscosity of the product. The dates concerning these physicochemical 
characteristic are shown in figure 1. 
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Fig. 1 The influence of fermentation temperature on the yogurt viscosity 
 
The samples thermostated at 43oC had higher values of viscosity than those at 30oC. 
Supplementation with lactose increased the viscosity with 29% for samples with 6% lactose at 
30oC, and with 27% at 43oC comparative with samples with 2% lactose, while whey 
supplementation decreased the product viscosity with 25% at 30oC and with 3% at 43oC for 
samples with 6% whey, comparative with those with 2% whey. 
For both fermentation conditions, the viscosity increased comparative with control 
sample up to 84% in case of samples with 6% lactose at 30oC, and with 44% at 43oC; in 
samples with whey supplementation, increased up to 36% in case of samples with 2% whey at 
30oC and with 34% at 43oC. 
Because EPS biosynthesized by lactic acid bacteria contribute in a determinant 
proportion to viscosity of the culture medium, it was proceeded to determinate the EPS yield 
from yogurt samples (Figure 2). 
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Fig. 2 The variation of exopolysaccharide yield in yogurt samples with fermentation temperature 
 
The exopolysaccharide yield produced by lactic acid bacteria had greater values for 
samples supplemented with lactose than those with whey. Thus, for samples with 6% lactose 
supplementation, the EPS amount was 24-fold greater than in control sample at 30oC and 5-
fold greater at 43oC, while 6% whey supplementation increased the EPS amount for only 5-
fold at 30oC and 2-fold at 43oC. Also, samples fermented at 30oC had higher values of EPS 
than samples fermented at 43oC. 
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This dynamics of EPS content suggests that the presence of lactose in the medium 
provide the glycosyl groups required for glucide biopolymers formation. On the other hand, 
the whey which is poor in lactose had a weak effect. 
The correlation between viscosity and EPS content is shown in figures 3 and 4. 
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Fig. 3 The variation of EPS yield with the viscosity of the product obtained at 30oC 
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Fig. 4 The variation of EPS yield with the viscosity of the product obtained at 43oC 
 
It can be observed from figures 3 and 4 that samples supplemented with lactose had an 
EPS amount in direct ratio to the viscosity of the product, but samples supplemented with 
whey had an EPS amount in inverse ratio to viscosity. It can be assessed that the mainly 
contribution to yogurt viscosity is owed to whey proteins, not to EPS, while the lactose 
stimulate the EPS biosynthesis and implicitly the yogurt viscosity. 
Samples fermented at 43oC were more viscous than those obtained at 30oC and the EPS 
amounts were higher at 30oC than at 43oC. Therefore, it can be presumed that the 30oC – 
fermentation temperature is favorable to bio-synthesize low molecular mass EPS, and 43oC is 
favorable to large molecular mass EPS, and this implicitly results in higher values of 
viscosity. 
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CONCLUSIONS 
 
Pursuant to these researches, it can be assumed as follows: 
 Yogurt samples had different acidity and pH values depending on composition of 
culture medium. Thus, in case of lactose supplementation of the culture medium, 
fermentation leads to products with relatively similar acidity and pH as the control 
sample, and the acidity correlate with pH. On the other hand, if the culture medium 
was supplemented with whey powder, the yogurt acidity increased with values 
between 16 and 38% compared to control sample, depending on whey quantity added; 
although the acidity increased, the pH did not decreased, because of buffer properties 
of whey proteins. 
 The exopolysaccharide amount produced by lactic acid bacteria had greater values for 
samples supplemented with lactose than those with whey.  
 The fermentation temperature influenced the sample viscosity and EPS amounts. 
Samples thermostated at 43oC had higher values of viscosity than those at 30oC and 
EPS amounts were higher at 30oC than 43oC. Therefore, it can be presumed that the 
30oC – fermentation temperature is favorable to bio-synthesize low molecular mass 
EPS, and 43oC is favorable to large molecular mass EPS, and this implicitly results in 
higher values of viscosity. 
 Correlating the EPS level with viscosity of the yogurt samples, it can be observed that 
samples supplemented with lactose had an EPS amount in direct ratio to the viscosity 
of the product, but samples supplemented with whey had an EPS amount in inverse 
ratio to viscosity. It can be assessed that the mainly contribution to yogurt viscosity 
(obtain on supplement with whey powder) is owed to whey proteins, not to EPS. 
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